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Summary: Overtaking accidents are one of the most serious types of road traffic 
accidents in terms of personal injury. They are mostly caused by drivers’ 
misjudgment of the situation due to human factors (e.g., limited skills and/or 
information processing abilities), speeding, roadway capacity, and weather 
condition. Although the overtaking maneuver can be necessary, drivers’ use of it is 
often not justified. The present study aims to identify factors affecting driver 
behavior in critical overtaking maneuvers. The study collected and analyzed 4,902 
real overtaking accidents that occurred on highways in Iraq for the years 2005-
2016. Three categories of overtaking accidents were extracted and analyzed in 
terms of driver age, road capacity (number of lanes and curvature), and vehicles 
type and speed: 1) head-on collisions that occur when the overtaking vehicle strikes 
the front-end of an oncoming vehicle; 2) rear-end collisions that occur when the 
overtaking vehicle strikes the rear-end of a vehicle ahead; and 3) side-impact 
collisions that occur when the overtaking vehicle strikes or is struck by a vehicle in 
the adjacent lane. The results indicate that number and types of overtaking accidents 
were significantly affected by driver age, while the tendency of drivers to overtake 
was influenced by the type of leading vehicles. A significant interaction between 
driver age and road capacity was detected in terms of higher accident rates. 
Correlations between overtaking accidents types, road curvature, and overtaking 
speed were also identified. The findings have implications for the future design of 
drivers assistance systems. 
INTRODUCTION 
Overtaking is one of the most dangerous maneuvers frequently engaged in by drivers (Clarke et 
al., 1999). It is a dynamic and complicated driving task involving steering and speed controls, 
which requires high driver attention to monitor surrounding traffic and predict potential 
opportunities for time-critical decision making and action implementation (Bar-Gera and Shinar, 
2005). The overtaking drivers need to continuously predict potential hazards in the current and 
targeted lanes, plan their next safe path, and perform the plan while continuing to scan the 
surrounding environment and readily respond to unpredictable hazards (Gray and Regan, 2005). 
Performing such tactical maneuvers tends to increase the likelihood of driver errors, which may 
result in sever traffic accidents. For example, nearly 75% of road traffic accidents caused by 
lateral maneuvers involve driver failure to identify hazards (Knipling, 1993). While risky in 
terms of accidents occurrence likelihood, overtaking is necessary in some cases, and roadways 
are supposed to be designed to accommodate multiple vehicles with different speed. As 
overtaking maneuvers cannot be avoided, driver performance should be improved to prevent 
accidents and realize safer driving environments. In order to recommend accident solutions, this 
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study set out to identify aspects with critical impact on cognitive factors in overtaking, such as 
expectancy, prediction, and risk response.   
Overtaking is often related to variations in speed and drivers’ desire to minimize the traveling 
time and avoiding slow traffic. Overtaking may be performed in the interests of safety, such as 
avoiding rapidly decelerating or stopped vehicles (Bar-Gera and Shinar, 2005; Vlahogianni, 
2013). It can also be motivated by drivers’ individual behavior, e.g. feelings of competitiveness, 
thrill seeking, and aggressiveness (Farah et al., 2008). As the driving environment is highly 
complex and dynamic, overtaking maneuvers may occur for other reasons.  
Utilized driving simulators and field experiments, the impact of human, vehicular, and 
environmental factors on overtaking drivers’ behavior and performance has been investigated 
and discussed in the literature. For example, studies have investigated the effects of driver age, 
speed variability, and type of the vehicle ahead (Bar-Gera and Shinar, 2005; Rajalin et al., 1997). 
Other researchers have focused on overtaking driver behavior by modeling driver sight, 
investigating overtaking duration, and determining speed differential threshold, distance gap 
between vehicles, and the lateral displacement of the overtaking vehicle (Vlahogianni, 2013; 
Haneen and Tomer, 2010; Brown and Hummer, 2000). Findings of these studies have 
contributed to help designers and engineers to enhance vehicle capabilities, develop in-vehicle 
protective devices, and improve road structure and capacity (Hegeman et al., 2009). What is not 
yet clear is how these factors are related to overtaking accidents in real-world driving. 
While driving simulators and field experiments are safe, reliable, and efficient approaches, 
drivers’ behavior may differ from their real-world behavior (Santos et al., 2005). An alternative 
and well established approach in road traffic safety is the use of quantitative case studies. Few 
studies have investigated real accidents data, mainly because it is difficult to collect sufficient 
accurate information about each accident that can be reliably used to validate the findings and 
draw conclusions.  
To explore parameters for the future development of driver assistive technologies, the present 
study aims at providing a better understanding of the evasive actions taken by the drivers during 
real-world overtaking. The present study collected and analyzed detailed information describing 
real overtaking accidents that occurred on Iraqi highways. The first objective was to understand 
the behavior of the overtaking driver and the mechanism of overtaking accidents. The second 
objective was to identify contributory factors that impact the overtaking accident rates.  
METHOD 
Data Collection 
During the past ten years, Iraq has witnessed approximately 70,000 road-accidents with 
approximately 30,000 fatalities and more than 80,000 injuries (TPA, 2016). The highest percent 
(75%) of the overall collected accidents occurred on main roadways (rural and urban highways, 
freeways, and border roads). Highway accidents account for 49% of all road-accidents and 65% 
of main roadway accidents. A high percentage (46%) of highway accidents was caused by 
drivers performing critical overtaking maneuvers at high speed. Overtaking accidents on 
highways are, thus, a particularly serious problem, and were, therefore, selected for analysis. A 
total of 4,902 real-world overtaking accidents were examined. Each case was summarized as a 
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database entry containing the main objective features (e.g. information relating to vehicles 
involved, type of road, and speed), a sketch plan, and an explanation of causal factors.   
Definitions of Terms Used in This Study 
Two-lane Highway (TLH): This type of roadway comprises one lane in each direction with no 
median barrier to separate between lanes (AASHTO, 2004), as shown in Figure 1. 
Two-way Highway (TWH): This type of roadway comprises one or two lanes in each direction 
with median barrier to separate between directions (AASHTO, 2004) ,as shown in Figure 2. 
Overtaking Maneuver (OM): Overtaking occurs when a driver maneuvers a vehicle laterally 
from one lane to another, then longitudinally to pass front vehicles, and then laterally to return to 
the initial lane (Jenkins and Rilett, 2005). Hence, OM comprises three sequential parts: lane 
changing, passing, and lane returning (Figures 1 and 2). The maneuver starts when a driver of a 
subject vehicle (SV) first changes lanes from the host lane (HL) to a destination lane, which can 
be an adjacent lane (AL) with the same direction of travel or an oncoming lane (OL) with an 
opposite direction of travel. Vehicles located in AL are referred to as adjacent vehicles (AV) and 
vehicles located in OL are referred to as oncoming vehicles (OV). The second part starts once 
the driver reaches the destination lane and the vehicle is driving straight forward to pass one or 
more leading vehicles (LV) that are located in HL. The third part begins when the driver changes 
lanes from the destination lane to HL. The overtaking maneuver ends once the SV’s driver 
returns completely to HL and starts driving straight forward again. 
 
 
 
 
 
 
Figure 1. Overtaking manoeuvre on TLH 
 
 
 
 
 
 
Figure 2. Overtaking manoeuvre on TWH 
Types of Overtaking Accidents 
Head-on Collisions (HC). A head-on collision occurs when the front ends of two vehicles that 
are traveling towards each other collide. The risk of head-on collisions increases when a driver 
initiates an overtaking on TLH type. In this study, the investigated HC occurred when a subject 
vehicle (SV) initiated an overtaking on TLH and stroke an OV in OL (Figure 3). This type of 
collisions accounts for nearly 39.4% (1934 accidents) of all investigated overtaking accidents. A 
large portion (86%) of the investigated HC were fatal crashes, which emphasizes the seriousness 
of head-on collisions, particularly when overtaking in high speed. 
Rear-end Collisions (RC). Rear-end collisions are a frequent type of road accidents in which a 
vehicle runs into the rear end of a preceding vehicle. This study reports 1,058 rear-end collisions 
occurred during the process of overtaking. For TLH type, an RC occurred between OV and other 
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preceding vehicles in the original lane due to decreasing headway or critical spacing between 
vehicles (Figure 3). For TWH type, in addition to RC between overtaking and preceding 
vehicles, RC occurred between OV and AV during the passing phase (Figure 4).   
Side-impact Collisions (SC). This type of traffic collisions occurs when a vehicle’s side is 
impacted by another vehicle during intersection crossing, lane changing/merging/departing and 
overtaking. Two types of SC were distinguished. One involves vehicles that are traveling in 
opposite directions when an OV strikes the side of SV, while SV is attempting to return to its 
original lane (Figure 3). The other type involves vehicles that are travelling in the same direction 
when an SV sideswipes or cuts in front of an adjacent or preceding vehicle during lane changing 
and lane returning respectively (Figure 4). 
 
 
 
 
 
 
 
 
 
Figure 3. Types of overtaking accidents on TLH 
 
 
 
 
 
 
 
 
 
Figure 4. Types of overtaking accidents on TWH 
RESULTS AND DISCUSSIONS 
According to Traffic Police Administration in Iraq, in approximately 80% of highway accidents, 
driver error was the major cause. This percentage is slightly more than that recognized by other 
researches (Knipling, 1993). Thus, understanding why drivers are most likely to be at fault in 
overtaking can help in reducing overtaking accidents and lead to a better understanding of 
overtaking driver behavior. Although age is not itself an error or impairment, the role of age is 
critical in driver behaviour and performance. The drivers involved in overtaking accidents were 
categorized into three age groups: young drivers (YD) between 18-40 years, middle-aged drivers 
(MD) between 41-60 years, and older drivers (OD) above 60 years (WHO, 2016). Table 1 shows 
the percentage of each age group involvement in overtaking accidents. The highest number of 
collisions was caused by young drivers followed by middle-aged drivers with slight difference. 
The distribution of overtaking accidents on the range of drivers age indicates the negative 
association between drivers age and accident rates (r= −0.301, p < 0.01), as shown Figure 5.  
Table 1. Age-related percentage of overtaking accidents 
 
Age 
groups 
Overtaking 
accidents 
Percentage 
YD 2402 49% 
MD 2206 45% 
OD 294 6% 
 
Figure 5. Overtaking accident rates as a function of driver age 
 
Although the effects of age on driver performance during the process of overtaking have been 
investigated by several researchers, very little is known about how driver age influences the type 
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of overtaking accident. Figure 6 compares the three types of overtaking accidents between age 
groups. The Chi-square test revealed significant differences between age groups for each type of 
accident (2 (3)=232.08, p < 0.01). A closer inspection of the figure shows that the young drivers 
were more prone to HC and SC, which may indicate that young drivers tend to make a faulty 
overtaking decision—e.g., overtaking in critical gaps or misjudging the speed of the oncoming 
traffic. The high percentage of YD involvement in side-impact collisions may also indicate that 
young drivers are less attentive to the adjacent traffic during lane changing. For MD group, the 
percentages of drivers’ involvement in each type of overtaking accidents were comparable. The 
results of OD group depict that they are more cautious about overtaking gap, but less attentive to 
the adjacent traffic stream. These results suggest that the drivers of each age group are prone to a 
certain dangerous situation which may require a different type of driving support.  
Highway capacity can also play a significant role in driving task complexity and the likelihood 
of accident occurrence. Figure 7 presents overtaking accidents that was collected from urban and 
rural highways with a total length of nearly 26,200 km comprising 14,033 km of TLH and 
12,167 km of TWH. Road curvature, straight and curved sections, was also taken into 
consideration due to the potential effect on passing sight and duration. Number of collisions were 
significantly different between highway types (2 (3)=1462.97, p < 0.01). The large difference in 
the number of HC between TLH and TWH is because when the drivers initiate an overtaking on 
TLH type, they are occupying an opposing direction lane, while the drivers can overtake on 
TWH type using an adjacent lane with the same direction of travel. In terms of road curvature, 
the test revealed a significant difference in accident rates (2 (2)=1498.43, p < 0.01). The higher 
number of HC in the curved-TLH sections might indicate that road curvature have a negative 
influence on drivers’ perception leading to increase the risk of overtaking. The high number of 
HC in the straight-TLH might indicate that straight and open roadway sections may encourage 
the drivers to increase the speed and overtake. Figure 8 shows how driver age and highway 
capacity combine to affect accident rates, which were significantly different between age groups 
for each type of highway (2 (3)=331.23, p < 0.01). A negative correlation was indicated between 
driver age and road capacity (r= −0.397, p < 0.01). These results suggest that the young drivers 
are showing the worst risk taking behavior compared to other age groups.  
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Overtaking 
accident rates as a 
function of age groups 
 
 
 
 
 
 
 
 
 
 
Figure 7. Overtaking accident rates 
as a function of highway type and 
curvature 
 
 
 
 
 
 
 
 
 
 
Figure 8. Impact of the interaction 
between driver age and highway 
type on overtaking accident rates 
The study has also investigated the effects of the vehicles ahead to be overtaken and the intended 
overtaking speed on accident rates, as shown in Table 2. Types of leading vehicles were 
standardized into three categories: light car, truck, and trailer. It would be more difficult to 
calculate the exact speed of all vehicles involved in real-world accidents due to lack of traffic 
PROCEEDINGS of the Tenth International Driving Symposium on Human Factors in Driver Assessment,  
Training and Vehicle Design 
333 
monitoring tools compared to controlled experimental studies. However, the speed of the subject 
vehicle was calculated according to the site information, such as the skid marks on the road 
surface, crash impact and testimonies. A significant association between types of leading vehicle 
and types of accidents was detected (2 (3)=62.63, p < 0.01). This highlights the influence of 
leading vehicle on drivers’ cognitive action and the tendency to overtake. The reason may be 
attributed to the effect of vehicle size on drivers’ sight, risk feeling, and the overtaking duration. 
A significant association between the overtaking speed and type of overtaking accidents was also 
detected (2 (3)=757.62, p < 0.01). The highest rate of HC occurred when the SV speed was 
between 100-120 km/h followed by SC when the speed was between 80-100 km/h. Although a 
previous study reported that some drivers tend to overtake vehicles that were traveling faster than 
their average speed (Bar-Gera and Shinar, 2005), it was difficult to determine the speed 
difference of SV before and after the initiation of the overtaking in real-world investigations.  
Table 2. Distribution of overtaking accidents according to types of leading vehicle and overtaking speed 
 
 
Type of LV 
Accident 
type 
Estimated Overtaking Speed (km/h)  
Total 60-80 80-100 100-120 >120 
 
Light car 
HC 5180 76 137 183 447 
RC 27 91 113 115 346 
SC 139 177 102 81 499 
 
Truck 
HC 54 133 134 192 513 
RC 31 36 85 59 211 
SC 63 174 201 145 583 
 
Trailer 
HC 60 233 392 289 974 
RC 33 112 214 142 501 
SC 94 306 241 187 828 
        Total 552 1,338 1,619 1,393 4,902 
CONCLUSIONS 
This study used real road-accidents to investigate how driver behavior in overtaking maneuvers 
is effected by driver age, roadway, and vehicular factors. The study has shown that overtaking, 
which occurs when the drivers decide to pass other vehicles, is a critical maneuver with very 
serious consequences for roadways safety. Accidents were most serious on highways where 
overtaking is permitted but that were lacking in terms of traffic regulation and infrastructure. 
In addition to an association between driver age and the number of overtaking accidents, each 
age group was prone to a distinct type of overtaking accidents. Highway structure and curvature 
revealed no significant effect on the overtaking accident rates. However, the interaction between 
driver age and highway types had a significant effect on driver behavior and safety. The 
tendency of drivers to overtake was also significantly influenced by driver age and type of 
leading vehicles. The study has found that the overtaking accident rates were also affected by the 
overtaking speed. These results indicate that drivers may initiate overtaking even when road 
section is dangerous and overtaking sight is insufficient or impaired.  
The present study highlights the need for enhancing cognitive factors in driving to avoid drivers’ 
misjudgment in overtaking. Furthermore, the high overtaking accident rates during the passing 
stage suggest that supporting perception-action time of drivers should also be made available. 
These findings have implications for the development of driver assistive technologies. A 
limitation of this study is the absence of traffic monitoring tools, thus, further controlled studies 
using driving simulators and field data, are, therefore, needed to validate these findings. 
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